NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 




"(NASA-Tfl-'x-74686) NASA TECHNOLOGY i 

UTILISATION HOUSE TECHNICAL SUPPOET PACKAGE \ 

SOMHABY OF RESULTS AND HOOsE DESCRIPTION I 

Final Report (NASA) 83 P HC A05/MF A01 ( 

CSCL 13M 63/85 \ 


TECHNOLOGY UTILIZATION OFFICE _ 

Langley Research Center n 82- 19103 

Hampton, Virginia 23665 , 

804 827-3281 


Unclas 

12802 


for Tech Brief LAR - 12134 


NASA Technology 
SUMMARY of 
and HOUSE 

NOTICE: This*s$pcument vvas prepared under the sponsorship 
of the hilatlsnal Aeronautics and S^ce Administration. Neither 
the United States Government nor any person acting on behalf 
of tile United States Government assumes any liabijity resulting 
from tho use of the information contained iiv this document, 
or warrants that such use will be free from privately owned 
rights. ° o ’ 

. ' " ^ 0 


Hous@ 










NASA Technology Utilization House 

A "house of the future" 

IS ready today 


Langtey Research Cenfer, Hampton. Virgmm 


Th* NASA T«cr«xiiogy Utilu itnn 
HouM (T«ch Houa»). conatruc.«d «l 
Langley RMMtcr> C«nl»f , m«s de- 
signed and buHl to den«r«trale hoM 
trw agplicalion ol aeroapace lech- 
notogy oouW advance ttw txMlding 
induatry in reaidential conalruction 
Tecr> Kxjae « a single level struc- 
ture of contemporary design wNch 
IS comprised ol t>M> itquare ntodules 
connected by a halhMiy arxl contains 
apprommatety 140 m» (t ,500 ft?) ol 
living spai'e One module consists ol 
a living room, dining area, arxt 
Kitchen, the othei, three bedrooms 
and two baths The connecting hall 
way has an entry vestibule and a 
laundry room In developing Tech 
House. NASA incorporated the 
latest technology and used special 
leatuies when either tlw initial cost 
could be recovered in energy 
savings over the usetui life loe 
feature or it it provided a specific 
benetit such as personal or struc 
tural salety The one other criterion 
tor applicaliori ol advar'Ced tech- 
ixilogy was that lta» le.ilure was 
protected to be commercially avail- 
able w‘r«o live years 

It IS forecast that within live years 
the house with all its special leatuies 
can be built commercially lor «;> 
proximately $45,000 (based on 19T6 
costs) With the incorporation ol 
solar onergy. energy ellicieni afv 
pliaix'es. and the water reuse 
system, it is predicted the home- 
owner would save approximately 
$:XUXX) in utility costs over a period 
ol twenty years alter recovering the 
aitilitiauil cost of these special 
leatures ( This forecast is based on 
a ten-percent annual irx'rease in 
utility costs ) 

The following special systems and 
features, most ol which are an out- 
growth ol NASA's aerospace tech- 
nology. have been incorporated into 
Tech House 

Heatlrxg artd Cooling System 

•Solar cotleclors on the root are 


used, together with mghttime radi- 
ators. two wells, and a heat pump, 
to supply maior heatirx) and cooling 
requiremants 

•AdditKmally , the fireplace is outfit- 
ted with a duct system to bring m 
contMBtion air trom the outside, 
and tire grate water coil, erwblirrg 
the accumulalion and storage ot 
heal lor later dmtribution 
•E xterior retractable shutters pro- 
vide energy savings when closed 
by preventing heat loss during the 
winter and Ireal gain during the 
summer and, at the same lime, 
function as a security measure 
•A nontlammable. norpetroleum 
based toam provides highiy elti 
cieni insulation, supplemented by 
malai exterior doors which have a 
thermal break, pi^ystyrene core 
and niagnetic weattH*i stripping 
Water Recycling System 
• A 50-percent reduction in waiei 
consumpliori is attained through 
use ot low profile wiite> fixtures 
and a water reuse systrmi which 
collects waste water trom the 


shower, bathtub, bathroom sinks, 
and laundry m a holding tank where 
It IS chloriruilad. filtered, and re- 
cycled lor toilet flushing 
Hot Water System 
•Solar energy heats the water used 
in the domestic hot water system 
Securtty System 

•Interior security is provided by de- 
tectors at doors, windows, and 
urxter carpets which set oft an 
alarm when an intrusion occurs 
•An exterior security system uses a 
seismic device to sound an alarm 
when an intruder app'oaches 
within 80 m ol the house 
•A smoke detector is used to sense 
trie presence ol combustion prod- 
ucts arxl sound an alarm 
• A battery charged by a solar cell 
provides power lor a driveway spot- 
light arxl emergency lighiing The 
smoke ck’teclor arxl security 
system may also be pow»<‘red by the 
solar charged battery 
•A tornado detector is attaclied to 
the television screen and sounds 
an alarm upon the appeararxre ot a 



NASA's Tech House at Langley Research Center incorporaies solar 
healing, cooling, and hot water. A security system Includes intruder and 
tire alarms, a tornado detector, and emergency lighting. A water 
recycling system and energy-saving lighting fixtures help reduce the 
homeowner's costs. 

(owtinuad on nwil pag*! 
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lornado within a radius of 18 ml. 

Additional 

•Thormislors installed in lamp 
sockets signilicantly Inoreaso the 
li(G of the light bulbs by a minimum 
of 300 percent. 

•Seat eustions are made of an od» 
vanced foam rubber that contours 
to a body shape, thereby distribu- 
ting weight evenly over tite contael 
surface. 

•Flat conduGler electrical wiring, 
covered with plastic baseboard, 
which has greater current capacity 
was Installod after the building was 


completed and the carpet Installed. 

These features are all examples of 
the innovations utilized in tlio con- 
struction of tlio Tech House to 
domonstrato the application of 
advanced technology to minimize 
energy and water consumption and 
provide for the comfort and safety of 
the Homeowner and his family 

This work was done by tho 
TQQhnotogy Utilization Office of 
Langley Research Center. 


While no patent action is contem- 
plated by NASA on the Technology 
Utilization Home as such, many of 
the components and systems 
included in tho house ate covered by 
patents. Some components were 
developed by private industry and 
industry owns those patents. 

Inquiries regarding which items are 
patented and concerning rights for 
the commercial use of these inveth 
tions may be directed to the Patent 
Counsel, Langley Research Center , 
Mail stop 279, Hampton, VA 
23665, Refer to LAR-12l3a, 


PKErACE 


Current edneuinor awaronoss of energy shortages and limited resources have 
required that all possible moans of conservation bo applied, 'fho "homo" is a 
large consumer of energy? thus the homebuilding industry is being challenged 
to apply all possible conservation measures. New technology and materials 
should bo used as soon as it is economically feasible r.o do so. 


» 


August 1979 


iii 


U'MLi aA'riOM house 



'I'ablG of eonfce,nta 


lnti’oduGtj.on. 

Doaci’iption of tho liouso 

Enoryy Consumption. 

Foaturos That Affoot Energy Use 

Iivaulation. ........... 

Noise Test. 

Weather Conditions 

Heating and Air Conditioning Systems 

nomestic Hot Water System 

Uomestie Crwy-Watoj* System 

Tlie Family Experienee, 

Concluding Remarks. 

Arpendi.X! House Description 


INTRODUCTION 


Tho TeeUnology Utilization House (Tech House) was dosigivod ami eonsteuetod at 
NASA langloy Roseareh Center, Hampton, Virginia^ to demonstrate to tho build- 
ing industry and tho public tlie benefits of aerospace technology and otlior now 
technology that are presently available or will bo in tho very near future. 

Use of solar energy, conservation of energy and of water, safety, and security 
wore incorporated in the design of tine house. 

A eomraitteo consisting of representatives from the Department of Housing and 
Urban Developmontj tho National Association of Home Builders Research Founda- 
tion, Inc. j the. National Bureau of Standards; the Consumer Product Safety Com- 
mission; and NASA was formed to evaluate the items to be incorporated into tho 
house and to assist in the design of the house. In addition, an architectural 
engineering team was employed to investigate energy conservation ideas, 
determine cost effectiveness of now materials and systems, and prepare speci- 
fications and drawings for the house. The criteria for tho selection of items 
and systems to be included in the house required tl^at they should bo comn’.er- 
eially available within 5 years and that the energy saving systems would pay 
for thomsolves within 20 years or within their life cycle. 

As a basis for tlis determination of the normal water and energy roquiromonts 
for a single-family homo, use \tos made of a study conducted for HUD of a 
residence in the Baltimore-Washington area (designated herein as the "Reference 
House"). Results of this study were used to determine the energy saved in the 
Tech House. 


Tho Tech House was constructed during the spring of 1976. After completion, 
the house was open to tlie public while its systems were being cheeked out. All 
systems were operational when tho family (Dr. Swain; his wife, Blaine; daughter, 
Carol; and son, Charles) moved in. All the systems v^fero monitored to insure 
proper operation, and data were collected during the 1-yoar occupancy by tl^e 
family. After tlie family moved out, tho house was once again opened to the 
public. 

Results obtained during the family live-in period, comments on the acceptance 
of the various c.jvsrgy-saving systems by tho family, and suggestions for improve- 
ment of tho systems are presented. 

Tho equipment and materials used in tlio Tech House are now on the market or will 
bo soon. Sources for these items are given in tho appendix. All conmients made 
on the equipment and materials in tho paper are based on the usage and behavior 
in tlie Tech House and should not be considered to bo endorsements of the 
products . 

It should be pointed out tliat energy-conserving homes are most efficient when 
carefully designed to fit specific sites with their particular characteristics 
of access, orientation to sun and winds, history of weather conditions, and 
thermal requirements. For tl\is reason, the Tech House was not intended to be, 
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and Should not bo, considorod a infrosSoh fS^iUty 

rntrnr^n/rdi^i-rryftoS.^Srno^^^^ and idoas which can 

bo applied in some degree to all housing. 


DESCRIPTION OF THE HOUSE 


The Tech House is a one-story structure of conteropcjrary design. (See figures 
1 and 2.) It is of frame construction with fir plywood siding and dry walls 
on the inside. The house contains approximately 1,600 square feet of living 
space. Two rectangular modules connected by a 7-foot wide foyer with entry 
vestibules in the front and roar of the house comprise the living area. These 
modules have gable roofs on which the 18 solar col’.ectors (16 for the heating 
system, 2 for tlie domestic hot water system) are located. 

A tliird rectangular module comprises the garage which houses the data-gathering 
instrumentation, computer, and heat pumps. A similar home occupied by a family 
would not require the data-gathering instrumentation and the large computer. 

Also, the heat pumps would be placed outdoors and thereby allow the full use of 
the garage by the family. On the gable roof of the garage is located the solar 
cell, which charges a 12-volt battery with solar energy. The battery is used 
for the emergency lights and could also bo used for the security system. 

The floor of tlie house is a prefabricated, 2-‘inch-thick, reinforced concrete 
slab above a 3- foot crawl space and has 6 inches of gypsum foam insulation on 
its underside. The floor was delivered and installed in 7- by 14-foot sections. 
The walls were insulated with 5^ inches of Tripolymer foam. The attic was 
insulated with 7^ inches of the same foam. Large ventilation louvers provide 
cooling of the attic during the sxmuuer. The roof was shingled, except in the 
flat areas. 

The exterior doors have steel surfaces v>?ith polystyrene foam cores and magnetic 
weatlrerstripping. An adjustable sill provides a positive seal against the 
weatherstripping. All windows were aluminum framed with plastic, low-thermal- 
conductivity separators between the inside and outside areas of the frame. They 
are also double glased. External shutters were added to further reduce tlie heat 
loss in winter and the heat gain in summer. 

The floor coverings in the house vary. The kitchen flooring is foam-backed 
vinyl with a urethane coating; the bathrooms have ceramic tile floors. The 
foyer and entrance area floors are of slate, and all otlier rooms are carpeted. 

Several items intended primarily for security and comfort of the occupants were 
included, such as an emergency lighting system, a sonic transmitter to turn on 
outside lights, interior and exterior security systems, r smake alarm, a tornado 
alarm, and self-locking hinges. 

The emergency lighting system is powered by a standard 12-^rolt battery which is 
kept charged by a solar cell. In tlie case of a power outage, it supplies light 
to the kitchen, living room, hallway, and foyer. This system was used twice by 
the family during the live-in period. 

A manually operated sonic transmitter turns on the entrance light from a distance 
of 30 feet and provides a lighted entrance on return without burning a light 
during a period of absence. 
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The interior socurit/ system is activated whenever an intruder opens any door 
or wxndow, removes any screen, or walks over censors installed on the floor 
under the rugs. To arm the system, a coded number is entered on the control 
panel, and a time delay permits the person to leave or return to the house 
without setting off the alarm. 

A seismic detector, which uses an PM radio to alert occupants of a person walk- 
ing outside the house, was not used by the family. This system is more suitable 
for a house located on a large piece of property (several ac.res) . On a small 
lot, such as that of the Tech House, the detecto:^ cannot be set to exclude 
vibrations from normal nearby traffic. 

A standard smoke alarm was provided to alert or wake everyone in case of a fire 
and to allow them time to vacate the house before the fire becomes a threat to 
life . 

The tornado detector is a light-sensitive device in a suction cup which is 
attached to the television picture tube. With the TV on an unused channel and 
the screen darkened, it sounds an audible alarm if a tornado is within 18 miles. 
Since the Tech House is not in an area subjected to tornadoes, this item was 
not used during the live-in test. 

Sslf“locking hingj-j were ’.ived, but not tested, in the house. These hinges pre- 
vent the removal of doors after hinge pins are removed. They are needed on 
doors that swing outward and would primarily be used on public buildings. 

Two items, electrical in nature, were also included: flat conductor cable 

within a baseboard molding and light bulb savers. The flat-conductor-cable 
electrical system was installed in the living area and dining room after the 
carpets were in place. It was not necessary to run wires through the walls. A 
major benefit of such a system is in refurbishing old homes, since the new wiring 
can be installed in a baseboard system and not require the removal of the wall's 
sheathing . 

Hie bulb savers, which the manufacturer claims extends the life of the light 
bulb by 300 percent, were used in two incandescent lamps. They elimi..at« the 
surge of current to the cold filament in a bulb when the light is turned on. No 
tests were conducted to confirm the manufacturer's claim; however, the two bulbs 
in the house that contained bulb savers did not burn out during the 1-year live- 
in test. 

Many other items which were incorporated into the house for the comfort and 
convenience of the occupants, such as the temper foam cushions and the appli- 
ances, were not evaluated during the live-in test, since to do so would require 
invasion of the privacy of the family. 
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ENERGY CONSUMPTION 


'To have a basis for comparison and to evaluate the savings possible, a 
Reference House in the Washington-Baltimore area on which a former study for 
HUD had been made was chosen. The Reference House is a two-story, 1,695- 
square-foot, wood-frame house with plywood sheathing, R-7 fiberglass insula- 
tion in the walls, and 5 Inches of loose fill insulation in the attic. Doors 
are of wood. Windows and glass patio door are single glazed. 

One of the goals in the construction of the house was to substantially reduce 
the energy cind water consumption. A comparison of the energy estimated for 
the Reference House and that projected for the Tech House is given in the fol- 
lowing table: 


Reference House Projected for 


Energy Consumption 

(kwh) 

Tech House (kwh) 

Central Heating 

29,300 

6,000 

Central Air Conditioning 

3,600 

2,100 

Water Heating 

4,380 

1,500 

Lights ) 

2,000 

1,000 

AppI.i.anC63 } Ba3&X08.u 

5,609 

5,400 

Miscellaneous ) 

1,111 

1,000 


Total 


46,000 


15,000 


t-Jote that the energy consimiption was expected to be about one-third that of the 
Reference House. 


The savings experienced during the family occupancy of the house are illustrated 
in figure 3. The actual energy consumption of the Tech House during the live-in 
test as compared with the results from the Reference House is about one-half, as 
shown in table I. 

Energy for domestic hot water and baseload are highly user-determined, and 
realistic savings cannot be determined by comparisons with the Reference House. 

For the amount of domestic hoc water used in the Tech House, it would require 
6,392 kwh of electricity to heat in the absence of supplemental energy. How- 
ever, at the Tech House only 4,176 kwh were used with the balance, 2,226 kwh, 
supplied by solar energy. This result shows an actua?. savings of about 35 
percent. 
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Table I “ Breakdown of Electrical Energy Usage 



Reference 

Tech House Load (Annual) 

Item 

House (RH) 
(kwh) 

Predicted 

Use 

(kwh) 

Predicted 
Savings Rela- 
tive to RH (%) 

Actual 

(kwh) 

Percent Saved 
Relative to 
Reforonce House 

Hot Water 

4,380 

1,500 

66 

4176.4 

5 

Central 

Heating 

29,300 

6,000 

80 

6087.7 

79 

Central Air 
Conditioning 

3,600 

2,100 

42 

2732.0 

24 

Baseload 

8,720 

5,400 

50 

6938.4 

20 

(lights, 
appliances , 
etc. ) 






Total 

46,000 

15,000 

66 

19935.0 

57 


A study made urior to the tests at the Tech House indicated that substantial 
savings in water consumption could be made by using water-saving fixtures, such 
as restrictors in tlie shower heads and low-profile water closets, and by using 
recycled waste water foy toilet flush. The water-consumption saving projected 
for the Tech House was 40 parcent from th;. gray-water reuse system and 10 per- 
cent from the water-saving devices. Actual savings were 27 percent from the 
water reuse system and 9 percent (estimated) from tlie water-saving devices for 
a total of 36 percent. Both water usage and savings are significantly 
influenced by family lifestyle. 



FEATURES THAT AFFECT ENERGY USE 


Many features of a house affect the amount of energy used but do not in them- 
selves use energy. Included in this category are the structure/ insulation, 
types of doors and windows, skylights, architectural features, such as size 
and location of overhangs, orientation of the house, trees, shrubs, and the 
exterior color. Because of the sun's position at various times of the year, 
a house orientation with short eastern and western walls and long northern and 
southern v/alls is desirable. 

Because of site restrictions, the Tech House was designed with long eastern 
and western walls and short northern and southern walls . An overhang was added 
to shade the windows on the southern wall during the summer but allow the sun 
to enter the windows during the winter months. Thermal shutters were added to 
the windows to reduce the loss of heat from the windows at night during the 
heating season and to provide a shield against solar heat in the summer. With- 
out shutters, an overhang or some means of shading i'-* needed. The eastern and 
western walls have no overhang. Trees or hedges coula i.e planted to provide 
shading and a winter windbreak. Flat areas or obstructions of any type on the 
roof may present a problem in an area that has snow, as it will build up over 
the solar collectors and lessen their effectiveness. 

The skylight located in the foyer of the house worked very well in the spring 
and fall but, like other glass areas, there was a loss of heat in the winter 
and a gain of heat in the summer. 

The large attic ventilation louvers provided cooling of the attic during the 
summer. During the winter 80 percent of their area was closed to prevent pos- 
sible freezing of the drain line from the solar collectors. 

The shutters are effective energy savers when properly used. However, during 
the summer when the shutters are closed to keep the solar heat out, they darken 
the house, and this may be objectionable. Closing the shutters at night, both 
in the winter to keep the heat in the house and in the summer to preserve the 
air conditioned air, is acceptable. The family also found the shutters to be 
quite effective in reducing the noise level from outside sources. 
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ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 

INSULATTON 


The ceiling and walls, including some interior walls that separated the zoned 
areas, were insulated with Tripolymer foam. The floor that was delivered in 
7- by 14-toot sections contained 6 inches of gypsum foam insulation. A 4-mil, 
polyethelene vapor barrier was placed on all exterior walls and the ceiling 
before the sheetrock was installed. 

Tbe ceiling contained 7S inches of insulation for an R value of 34. The outer 
walls, which were constructed with 2- by 6-inch studs on 24-inch centers, con- 
tainea 5>i inches of insulation. This insulation had an R value of 25. 

The amount of insulation recomnended for a house is based on the geographical 
locatiir. c.f the house, which reflects the climate and the cost of fuel for the 
type of heating system. 

To determine areas of heat loss in the house, thermograms (photographs that 
indicate ten 5 >erature variations in pattern from white to black) were taken of 
all walls in the house. Thermograms were used to indicate areas of heat loss 
but not quantity of heat loss. A sample thermogram is presented as figure 4 
which shows the west wall of the master bedroom. The fact that the wall insula 
tion is a better insulator than the wooden studs is clearly evident. 



Figure 4 - Sample Thermogram 
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NOISE TEST 


A noise test was made at the house on December 14, 1978. For the test, a 
noise generator provided a 90 dba noise level 30 feet from the house (noise 
equivalent to that of a train) . Inside the house v/ith the shutters open, the 
measured levels were between 40 and 60 dba; with shutters closed, they ranged 
from 40 to 48 dba. The live-in family frequently used the shutters at night 
to reduce noise from nearby research facilities. 


WEATHER CONDITIONS 


During the winter of 1977-1978 the heating degree days and the available sun- 
shine wore measured to determine whether the heat required and the solar energy 
available wore typical of a normal year. The data for 1977-1978 are compared 
with the 30-yoar average for the Hampton Roads area of Virginia. (See figures 
5 and 6.) 


PERCENT 



SEPT OCT NOV DEC JAN PEB MAR APR MAY 


Figure 5 - Percentage of Sunshine Available Versus 
Normal for Area 


A montJi-by-month comparison of percent of sunshine available for the year versus 
normal sunshine for tlie area has a significant bearing on the performance of the 
solar collector systems at the Tech House. During the fall and early winter 
available solar energy (sunshine) was considerably below normal. The impact of 
less-tlian-normal sunshine during the period was lessened for space heating con- 
siderations in tliat the heating degrees for the same period were also below 
average. The greater- than— normal available sunshine in raid and late winter was 
accompanied by severelv cold weather. 


14 



HEATING AND AIR CONDITIONING SYSTEMS 


Description 

Solar collectors mounted at an angle of 58° on the south“facing roof were 
expected to supply about 70 to 80 pei'cent of the space heat required for the 
Tech House. (The preferred angle at which the collectors are mounted depends 
on the latitude of the house.) The glass of the solar collectors admits 
light and other solar radiation but traps the heat reflected from the interior. 
This "greenhouse" effect is experienced when you leave your car parked in the 
sun. 

Water circulating through the collectors carries the heat to the heat exchanger, 
which heats the circulating air. If the heat is not needed, the hot water is 
diverted to a 1,900-gallon, thermal storage tank. During the night and during 
periods of cloudy days, this water is recirculated to heat the house. When 
solar-heated water (above 95°) is not available, well water is used as the heat 
input to the water-source heat pump to heat the house. Using well water warmer 
than the outside temperature reduces the amount of electricity needed to heat 
the house. 

Listed below are the various modes used for heating the house, in the order of 
preference, from an energy efficiency viewpoint. 

• Solar-heated hot water directly to air duct heat exchanger 

• Storage tank water (if above 95°) to air duct heat exchanger 

• Well water to the water-source heat pumps 

For air conditioning, the solar collectors for space heating are cut off. Well 
water (55° to 58° F) is pumped through a heat exchanger in the return air duct 
and drops the temperature of the return air by about. 10°. The water continues 
on to the heat pumps and absorbs the heat from the pumps and then is put back 
into tlie ground through another well. Night radiators were placed on the north- 
facing roof with the anticipation that the 1,900-gallon storage tank water could 
be used by the heat pump during the cooling season and cooled at night with the 
radiators. The humidity and climate conditions prevented the night radiators 
from working effectively and the system was not used. 

A simplified diagram of the heating and air conditioning systems is shown in 
figure 7. For clarity, the drain-down lines and valves are not shown. 

As shown in figure 7, the system provides heat to the house from either the heat 
pumps or the direct duct heat exchanger. The heat pumps serve as a backup sys- 
tem for the solar collectors and can use either the storage tank water or the 
well water as a source of energy. The direct duct heat exchanger can use heated 
water from the solar collectors, the fireplace coil, or the storage tank as its 
source, when there is a fire in the fireplace, water is pumped from storage 
back through the fireplace water grate and returned to the storage tank if the 
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water is not needed, or through the direct duct heat exchanger to the tank, 
with the heat pump fans distributing the heat to the house. The fireplace also 
has an outside air source so that the glass doors can be closed and heat from 
the house retained. 

A primary part of any heating or cooling system is the means of controlling the 
temperature in a house. Most homes use a single thermostat near the return axr 
duct. This often results in unequal heating of areas of the house. 


MAIN 


DIRECT DUCT pyj^p 



Figure 7 - Simplified Diagram of Heating and 
Air Conditioning Systems 



In order to heat only those parts of the house that were being used, the Tech 
House was divided into four heating zones — each equipped with its own sensor 
or thermostat. Thus each zone could be heated to meet the family needs and 
lifestyle, and variations in tie temperature for weekdays and weekends could 
be made, Tlie four zones were zone 1, master bedroom and bath; zone 2, chil- 
drens' bedrooms; zone 3, hall and bathroom; and zone 4, living areas. Such 
zone contol makes the most efficient use of the heat. 


Performance 


Solar energy provided a savings of about $242 (at 4.4<?/kwh) for the year in I 

space heating. There was a loss of energy from the storage tank which, if not 
lost, would have resulted in another $100 (2,300 kwh) savings. Pumping costs 
also prevented greater savings. At an installed cost of $25 per square foot 
of solar collector, the solar system would cost nearly $10,000, which would not 
result in a cost payback in 20 years. Hence, for this area, hot water heating 
systems using solar energy do not appear to be practical, \onless the installa- 
tion cost could be reduced to about $3,000 and the storage system made more 
efficient. 

1 

The heating and air conditioning systems were designed to provide solar and > 

conventional heating at an energy use rate of 6,000 kwh for heating and 2,100 j 

kwh for air conditioning. The comparable Reference House used 29,300 kwh for 
heating and 3,600 kwh for cooling. During the family live-in period the use i 

of energy for heating was 1.5 percent above design estimate. However, the 
energy use for heating was 79.2 percent below that of the Reference House; for 
air conditioning it was 24.1 percent lower. 

The 384 square feet of solar collectors had been expected to supply 70 to 80 
percent of the heat required for the house, but they only provided 40 percent. 

The 70-percent figure was based on the expected degree days and the expected 
percent of possible sunshine. However, the winter was colder than normal and 
the available sunshine was less than normal. In addition, approximately 35 
percent of the solar energy was of such low intensity that energy could not be 
collected. 

The heating system includes a 1,900-gallon, concrete, underground storage tank 
to store the heated water to be used for the heating system when solar energy 
is not available. There was significant degradation of the tank insulation 
during the live-in test period because of a breakdown on the v’aterproof ing used 
to seal the tank insulation against ground water. A greater portion of the 
heating energy would have been provided by solar if it were not for the greater- 
than-expected tank losses. If the tank had been located above ground, it would 
have been more accessible and its insulation could have been re.idily inspected 
and repaired. Also, if located above ground, a circulating pump, rather than a 
suction piomp, could be used and the operating cost would be less. 
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Zone Control 


The heating system responded to temperature sensors located in four zon«d areas 
of the house. Zone control has two advantages: (1) it saves energy by allowing 

temperatures to be reduced in areas not being used and (2) each area can be 
heated to the required level. A heating and cooling schedule was developed for 
each zone according to the family lifestyle. 

With zone control heating, the temperatures throughout the house were within 
about 2 degrees of the sensor setting. When operated for a short period with- 
out zone control heating, temperature variances from sensor settings were as high 
as 10 degrees. This results from the fact that heat is provided to all areas 
until the coolest room is satisfied, as opposed to the zone control system where 
each zone is satisfied separately. 

Zone control can provide a method of space heating that is both comfortable and 
economical. However, its use with heat pumps requires that minor modif ica'^ions 
be made, if necessary, in order to not reduce the air supply or the heat pump 
capacity. 


Fireplace System 


The fireplace is an integral part of the heating system of the Tech House. The 
fireplace has a water-cooled fire grate; a double-walled, steel firebox; and 
an outside combustion air supply; and is capable of heating the entire house. 
(See figure 8.) When the fire is burning, the warm air from the firebox and 
radiation can keep the living room and kitchen areas comfortable. The water 
heated in the grate circulates through the heating system. Approximately 50,000 
btu/hr of heat can be utilized from the fireplace (38,000 btu/hr from the grate 
and 12,000 btu/hr from the double-walled, steel firebox and radiant heat). 

During the live-in test, the family used the fireplace very little because of 
two problems: (1) the pumps supplying water to the grate had to be turned off 

after the fire went out; thus one could not go to bed while the fire was 
burning; and (2) the fireplace, at times, overheated the living room area and 
it became uncomfortable. The first problem can be eliminated with minor control 
modifications. The second problem could be corrected by ducting the fireplace 
heat to the rest of the house. The hot water from the fireplace grate could 
also be circulated to heat the domestic hot water. 

The heating cost for the house could be lowered if the fireplace were used 
regularly. A water coil will provide up to 2,200 kwh of energy per cord of wood 
burned. Depending on the cost of electricity, the water coil will produce $60 
to $90 worth of energy per cord of wood burned. 
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DOMESTIC HOT WATER SYSTEM 


The domestic hot water system (see figure 9) consists of a 50-gallon tank which 
is heated with solar energy and a 42-gallon, electrically heated tank. City 
water enters the preheat tank where it is heated with solar energy. When hot 
water is required, water is provided to the user from the electrically heated 
tank, and water from the preheat tank is supplied to the electrically heated 
tank. If the water temperature in the electrically heated tank drops below the 
preset temperature (usually 140° F) , the electric element comes on. Solar energy 
was expected to supply 65 to 75 percent of the domestic hot water for a family of 
four (approximately 80 gallons of hot water per day) . Actually, the system only 
provided about 35 percent of the use during the live-in test. Some reasons for 
this difference are that the family was gone during the day when the water was 
being solar heated, and the storage capacity was inadequate to provide the neces- 
sary reserve. Showers were taken in the morning, and the laundry and dxshes were 
usiially done at night; as a result, the 50 gallons of solar-heated water were 
exhausted, and electrically heated water was required. The average daily usage 
per person was 16 gallons, but usage of 25 to 30 gallons per person was not 
unusual . 

The design of the system and sizing of the components should be representative 
of the family and family lifestyle in order to realize the best payback on the 
system investment. The Tech House system design did not satisfactorily antici- 
pate the lifestyle and water use patterns of the family subsequently selected 
for the live-in test. Both the solar collection area and preheat tank capacity 
were slightly undersized for the hot water use pattern of the family. 

There were periods when hot water was not used for several days. Under these 
conditions tlie water was continuously circulated through the collectors to pre- 
vent overheating and boiling of the collector system water. The cost of the 
pumping energy for this situation is only pennies a day. 
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PgMESTIC GRAY-WATER REUSE SYSTEM 


A domestic gray-water reuse system using bath and laundry waste waters to pro- 
vide toilet flush water was designed and included in the Tech House. A 
schematic diagram of the system is shown in figure 10. 

Ordinary household bleach was automatically dispensed to the collection tank 
for purification. Back washing of the collection tank was occasionally per- 
formed to clean out the sediment in the tank. 

A diatomaceous earth filter, similar to thac used for swimming pools, was used 
to remove the large particles and reduce the turbidity and foaming action 
induced by detergents. 

Tap water was automatically fed into the collection tank when gray water was 
inadequate to meet the flush-water needs. When excess gray water became avail- 
able and could not be collected in the storage tank, it was dumped into the 
sewage system. 

Approximately 27,000 gallons of toilet flush water were required during the 
year, of which approximately 5,000 gallons were fresh water. An even larger por- 
tion of 'he flush-water needs could have been realized if the collection tank 
had been 140-gallon capacity, instead of 110. This vrould have minimized the 
amount of water dumped as a result of the laundering habits of the family. The 
water savings from the reuse sy-tem for the 1-year test amounted to 27 percent 
but, with a larger storage tank, it could have been about 33 percent. 

The system operated satisfactorily during the live-in test. The family did not 
find its use objectionable. Sometimes the appearance of dye in the water the 
day after washing jeans would be evident. Some maintenance on a monthly basis 
for the cleaning of the filter and for back washing the system is required. 










THE FAMILY EXPERIENCE 


In general, the technology incorporated in the house was not objectionable to 
the family. There were some unusual noises generated by the water reuse sys- 
tem, but no more than would be experienced with a pumped well water system. 

All technology systems were designed with a backup system in order to maintain 
the necessary essentials and comfort as a residence. Nevertheless, there was 
an occasional malfunction, which required patience and tolerance by the family. 

The family particularly liked the double-pane, horizontally-opening windows in 
tlie Tech House. When they returned to their home in Florida, they had the same 
type of windows installed in their home, and they reported a significant savings 
in energy as witnessed in their heating and cooling energy bills. 


CONCLUDING REMARKS 


The live-in test oi the Tech House located at Langley Research Center in 
Hampton, Virginia, indicated that energy savings and water savings are pos- 
sible with new-teohnology systems. Use of the house by a family for a year 
permitted data to be collected on the general operation and performance of 
the systems and on the effects of family lifestyles on technology utilization 
and payback. Comparisons of the energy systems of a Reference House in the 
Baltimore-Washington area with those of the Tech House were made. A combina- 
tion of solar collectors and water-source heat pumps reduced the electricity 
required by about 50 percent. This reduction was less than expected because 
of less-than-normal sunshine coupled with a colder-than-average winter, as well 
as some design features of the system. An above-ground storage tank would 
prevent large heat losses to the ground experienced as a result of degradation 
of the tank insulation from ground water. Based on the test data, however, 
solar energy for space heating is still not cost effective. 

Solar energy provided about one- third of the domestic hot water requirements. 

The actual energy required for domestic hot water was more than that projected 
because of a greater- than-expected consumption. A larger solar collector area 
and a larger solar preheat tank would be required to supply the hot water as 
used during the test. The family lifestyle (most water used early mornings and 
evenings) had an effect on the system's efficiency and should be incorporated 
into system design and component sizing. Properly sized and designed, a system 
for solar heating of domestic hot water is cost effective. 

Recycling of wash and bath water for toilet flush reduced water consumption by 
about 27 percent. The general operation and performance of the system was 
acceptable to the family. Routine maintenance, about once a month, is required 
to clean the tank, replace the filter, and replenish the chlorine bleach used 
for purification. The size of the collection tank depends on family size and 
lifestyle. A 140-gallon tank instead of the 110-gallon tank used in the system 
would have enabled the collection of more of the waste water for toilet flush. 

Therm.al and architectural design features provide the biggest energy savings 
and provide the best payback on investment. 

No attempt was made during the live-in test to change the family lifestyle. 

Some changes in today's lifestyles, such as optimum use of the shutters, greater 
use of the fireplace, keeping doors closed between zones and in vestibules, use 
of hot water during daytime hours for bathing and laundering, could result in 
greater savings. 


APPENDIX; HOUSE DESCRIPTION 


IS appendix contains the names and addresses of organizations from which NASA 
purchased services, materials, systems, etc., in connection with the advanced 
technology items used in the Technology Utilization House. The listing of these 
organizations is not to be construed as an endorsement or recommendation by 
NASA, but only as one available source, inhere prices are included, they are 
lose in effect prior to June 1976 and are provided only as general information. 
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HEATING 


The heating system for Tech House utilizes solar energy to supply the major 
heating requirements through one of several modes of operation depending on 
heat requirements, weatlier conditions, and water temperatures in the storage 
tank. The major components in the heating system, shown in the schematic 
diagram (page 32) , are the solar collectors where water paoses through flat 
plates, thermal storage tank, heat pumps, and direct heat exchanger. 

Solar energy is collected by 384 square feet of black flat-plate solar col- 
lectors mounted at cin angle of 58 degrees on the south facing roof of Tech 
House. The solar collectors heat the water for heating the house or for 
raising the temperature of the water in a thermal storage tank, which is 
insulated and buried in the ground. The thermal storage tank has a 1900- 
gallon capacity and is used to store energy for use at night and on overcast 
days. The storage tank was designed to store enough energy to provide suf- 
ficient heat for up to 5 consecutive days. When direct solar heating is not 
available, a heat pump is used to transfer stored heat from the storage tank 
to the house. On clear days, if heat is needed in the house, hot water from 
the solar collectors is circulated directly through the direct heat exchanger 
where heat is transferred from the water to the air. 

If hea.t is not required in the house, the hot water from the solar collectors 
is diverted to the thermal storage tank to increase the temperature of the 
stored water. At night and on overcast days when solar energy is not col- 
lected, heat is supplied to the house by circulating hot water from the 
storage tank through the direct heat exchanger. When the temperature of the 
stored water drops below 110°P, the heat pumps transfer heat from the storage 
tank to the house. If the stored v/ater temperature drops below 55°F, two 
wells (shown on the schematic, page 32) provide an additional source of water 
from which the heat pumps can transfer heat to the house. However, the 
stored water temperature is not likely to fall to the 55°F level unless there 
are 10 to 15 continuous overcast days with extremely low temperatures. 

As discussed in a subsequent section on the fireplace, water can also be 
heated by circulation through the fireplace grate/coil. The heated water is 
then circulated through the direct heat exchanger or to the storage tank. 

Numerous solenoid valves and several p?jmps are utilized in the heating system. 
These valves and pumps are operated by differential temperature flow control- 
lers, which provide electrical signals when preset temperature differentials 
exist within tlie system. 

The ductwork which distributes the warm air throughout the house is part of a 
zone control system using advanced controls to accurately and automatically 
control the temperatures in the three areas of living, sleeping, and bathing. 
This system for control of heating and cooling will result in substantial 
energy savings. A computer monitors inside temperatures and, by means of a 
computer program written to reflect the family's activities, heats only the 
rooms being used. This computer can be made not much larger than a pocket 
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calculator. During winter days, the module containing the living areas will 
be warm, while the module with the bedrooms will be cool. At bedtime, the 
program will be reversed, with warm bedrooms and bathrooms and cool living 
areas. A manual override will return control of the system to the occupant 
during an emergency. For research purposes of NASA, the equipment shown on 
page 34 was installed in the garage to record the effectiveness of the dif- 
ferent systems and their components. This would normally not be in a home. 

The heating system in Tech House is more complicated than would be necessary 
for the normal home because of the experimental features incorporated for 
evaluation purposes. The four possible modes of heating could be reduced to 
supplying solar energy to the storage tank in a closed system and then 
utilizing a second closed system, including the heat pump, to transfer heat 
to the house. The backup would be electrical heaters installed in the heat 
pump. 

Additional energy-conserving features incorporated into Tech House include 
the entry vestibules and the south window areas with roof overhang. 

The entry vestibules at the front and rear of the Tech House hallway act as 
air locks and prevent the loss of large quantities of heated or cooled air 
from inside tlie house while the outside door is open. The reduction in 
heated or cooled air loss becomes significant during extremely cold v/inter 
days or hot summer days. 

The large window area on the south wall, the overha), iging roof, and the 
exterior retractable shutters result in significant energy savings. The large 
glass area allows solar energy to be transmitted into the house through the 
windows during the winter days. At night, the shutters keep the heat from 
escaping from the house. The roof overhang was designed to allow the sun to 
shine through the south windows in the winter when heat is needed, but to 
shade the windows from the summer sun when it is desirable to keep the heat 
gain low. 

The water source heat pumps used in the Tech House were purchased from: 

Florida Heat Pump Corporation 

610 Southwest 12th Avenue 

Pompano Beach, Florida 33060 

Telephone; (305) 781-0830 


simplified Diagram of Heating and Cooling System 


o 
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*Systems Monitoring Equipment 

*For NASA research purposes only. 

Would not normally be in home. 
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COOLINC! 


The cooling system for Tech House utilizes the same equipment and components 
as the heating system/ except that the night radiators on the garage roof 
replace the solar collectors. These night radiators face north and as the 
hot water from tdie storage circulates through them, heat radiates to the 
atmosphere, thereby lowering the temperature of the stored water. 

To cool the house, the heat pump is used to transfer heat from the house 
into the storage tank where it raises the temperature of the water. Thus, 
cooling is provided by raising the water temperature during the day and 
lowering it. at night by using the night radiators. When the temperature of 
the water in the storage tank reaches 90°F, the system automatically switches 
to the wells as a source of 55°P water to which the heat from the house can 
be transferred. The system is shown in the schematic on page 32, simplified 
to show the components used for heating and cooling. Most of the equip- 
ment is used for both heating and cooling, and tho piping for both systems is 
interconnected. The valves and pumps in the cooling system are controlled in 
the same way as in the heating .system, including the zone temperature control 
system. 

In many homes, a significant part of the cooling load results from the hot 
attic air which may reach temperatures up to 160°P during hot summer days. 

The use of power ventilators may reduce the attic air temperature to 90 - 
110°P. However, Tech House has incorporated large ventilation louvers in the 
attic space, which keep the attic air temperature within a few degrees of the 
outside air temperature. The use of these louvers has reduced the cooling 
load while requiring no energy consumption to operate a fan. 

Water-to-air heat pumps are available from several manufacturers. The supplier 
for the Tech House was; 

Florida Heat Pimp Corporation 

610 Southwest 12th Avenue 

Pompano Beach, Florida 33060 

Telephone : (305 ) 781-0830 
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FIREPLACE 


The fireplace, as utilized in Tech House, is an integral part of the heating 
system. Fresh combustion air from outside, rather than using already heated 
air from inside the room as conventional fireplaces do, is supplied by a duct 
directly to the firebox, thereby significantly reducing heat loss up the 
chimney. Room-heating capacity is further increased by the use of a double- 
wall metal firebox which allows some escaping energy to bs returned to the 
room. Additionally, the temperature of the water in the storage tank can be 
increased by circulating it through the fireplace grate, which is a coil 
through which water can flow. These special features increase the efficiency 
of the fireplace from the usual 10 percent to about 50 percent. 

The water circulating grate/coil used in the fireplace was fabricated at the 
Langley Research Center. It is expected to recover 38,000 BTU's per hour 
from an available 95,000-BTU log fire. Water grate systems using similar 
concepts are available commercially, can be installed in existing fireplaces, 
and are adaptable to hot water, forced air, or electrically heated homes. 

One manufacturer claims a 40-percent recovery of heat generated by the fire- 
place fire. 

Manufacturer of Hydrohearth; Ridgway Steel Fabricators, Inc. 

Box 382 

Ridgway, Pennsylvania 15853 

Telephone: (814) 776-1323 or 776-1324 



Hydrohearth by Ridgway 
Steel Fabricators 
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EXTERIOR RETRACTABLE SHUTTERS 


The exterior retractable shutters* used an Tech House windows provide energy 
savings by holding heat in during the winter and keeping heat out during the 
summer. The shutters can be raised or lowered in seconds from inside the 
house by either an electric motor or a hand-operated crank. Adviitional bene- 
fits achieved through installation of exterior retractable shutters are; 

— Noise Reduction . The shutters provide, an additional barrier to noise 
transmission. 

— Security Protection . When lowered, the shutters self-lock and cannot 
be raised from outside the house. 

— Light Control . The shutters can be adjusted to expose vents between 
the slats to admit soft light, or they can be closed completely to 
out all light. Exposure of the vents will also permit air to 
flow through the shutters. 

— Storm Protection . Closed shutters are a deterrent to flying debris. 

Manufacturer : Pease Company 

2001 Troy Avenue 

New Castle, Indiana 47362 

Telephone: (317) 529-1700 


*The exterior retractable shutters are an example of cost-effective technol- 
ogy used in Tech House which was not directly related to the aerospace 
program. 
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Exterior Shutter with Vents Exposed - Shutter Not Completely Closed 
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I NSUIiATION 


Tripolyinor foam, a nonpotvoloum-baooa pirocluet., was uso;; in tho ooiling, 
soXoctcd interior walls, and all exterior walls of Tooh House. This material 
has the ability to flow into a variety of spaces, around wires, piping, and 
other obstruetions. Tripolymer is a nonoxponding, cold-sotting foam. It is 
a good insulating material which is also nonflammable, 
rodent resistant, and presents an offoetivo barrier to noise transmission. 
Tripolymer will solf-insulate against fire by forming a oharred crust when 
exposed to flame or intense heat. It is completely self-extinguishing with 
no flame advance beyond the source of ignition. 

The exterior walls wore constructed using 2- by 6-inch studs on 24-inch centers 
instead of the usual 2- by 4-ineh studs on 16-inch centers so that 6»s inches 
of Tripolymer insvilation could bo installed in the exterior walls. The 
insulating qualities of Tripolymer foam are indicated by the thermal resistance 
or R value. The R value for the 5>a inches of Tripolymer in the exterior walls 
is 25 and for the 7^ inches in the ceiling is 34 as compared to fiberglass of 
ig and 27, rospoctively. 

Tripolymer can also bo used for the insulation of any cavity in existing struc- 
tures, since it can bo applied throvigh an opening as small as Ih inches in 
diameter. 

Manufacturer! C. 1?. Chemical Company, Ino. 

2S Homo Street 

White Plains, New York 10606 
Telephones (914) 428-2517 


40 



ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 

EXTERIOR DOORS 


cSroralf SJgnoS: Polysty.cno foam 

hot-aippea galvanised for rust and corrosion resist- 
oncQ. Hie expanded polystyrene foam core provides superior insulation and 
maintains a separation of the metal panels so that heat aS cSfcannot Se 

Ssitiv^qr-if^™*' ^ other, hn adjustable sill provides a 

Eaeh^if\hr^ weatherstrip in the bottom of the closed door, 

costa ^ appro.ximately $39 a year in energy 


Manufacturer? Pease Company 

900 Laurel Avenue 
Hajnilton, Ohio 45023 
Telephone? (513) 867-3333 




Pease Ever-Strait Door 
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F.NF.RGY SAVING APPLIANCES 


A Study was made by the Architect-Enginoor (A/E) 

Srur“~ris""r/w^ Sft “various »„uiacrurara 

aanerally had one “g «hlch KLd"on%ha 

set of appliances as purchased from one manufacturer. 

Tha use of a miorowavo oven is especially recommended as an “"^^y-aavlng 
appliance, be ause foods ““f " Tsfora Ticrot^e oven 

Tddf surof 

Additionally, a Super SKewer is used to help TherpS »W=1' 

speeding up cooking of such items as roasts. to tr^Ler heat, 

ulllires the capillary action of “ the air 

rr “en1rtht“iSr:f r rrstrSoSng it to cook from both the 
inside and outside. 


The Super Skewer in the Tech House was purchased from; 


Isothermics, Inc. 

P.O. Box 86 
Augusta, NJ 07822 
Telephone; (201) 383-3500 

The 1976 price was $10 per skewer. 
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WATER REUSE SYSTEM 
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WATER REUSE SYSTEM 


An experimental program was conducted at Langley Research Center some time ago 
to determine if spacecraft systems could be modified to process household 
waste water. A typical household for a family of four was set up with appliances 
and fixtures to produce waste water. Instead of releasing bath and laundry water 
into sewer lines, the water was filtered and chlorinated for reuse as toilet 
flush water. The experiment revealed that this single step could easily reduce 
water consumption by 60 to 100 gallons a day . 

The water reuse system used in Tech House reduces water consumption by half when 
combined with other water saving methods. Water from bathtub, shower, and 
laundry equipment is collected in a holding tank, chlorinated, filtered, and 
recycled, as shown in the schematic diagram on page 45, for use as water f or ^ 
toilet flushing. Even though the toilet flush water is safe enough for possible 
tasting by children or pets, to alleviate health and safety concerns of the 
average homeowner, the drinking water system is entirely separate from the 
recycled water system. 

All waste from toilets goes directly to the sewer, as does any overflow from the 
collection tank. One additional benefit resulting from reusing the wash water 
is that a trace amount of detergent remains in the recycled water and tends to 
keep the toilet bowls clean. 

The overall reduction in requirements for water in and waste outflow also reduces 
requirements for community sewage systems, treatment plants, and water supply 
systems. 

The completed experimental programs have proven that the advantages of this sys- 
tern outweigh any disadvantages, such as initial cost, space requirements, and 
cost of maintenance. 


Material for the water reuse system is commercially available and was purchased 
at a cost of $450. 


Water-Cyk Corporation plans on marketing a water reuse system in 1980. We are 
not aware of their final design and. cannot endorse their product. Details of 
the system may be requested from: 

The Water-Cyk Corporation 
512 Maple Avenue, West 
Vienna, Virginia 22180 
Telephone: (703) 938-9070 

A copy of the report pertaining to the experimental water reuse program conducted 
by this Center may be obtained from the North Carolina Science and Technology 
Research Center whose address appears on page 77. The report may be obtained at 
cost. Ask for NASA TN D-7937, "Processing of Combined Domestic Bath and Laundry 
Waste Waters for Reuse as Commode Flushing Water." 
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Water Reuse System 
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DOMESTIC HOT WATER SYSTEM 
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DOMESTIC HOT WATER SYSTEM 


Tech House has two domestic hot water tanks located in the house-to-garage 
passageway. One tank contains a heat exchanger that uses solar energy to 
preheat incoming water to approximately 140°F. This is a closed- loop sys- 
tem, shown below, with 48 square feet of solar collectors, a heat exchanger, 
and a pump to move the water around the loop. The heated water then goes 
to the electric hot water heater, then to the user. If large amounts of hot 
water are used and the water temperatvure drops below the thermostot setting 
on the hot water tank, the water temperature is raised by electrical resist- 
ance heating to the desired temperature. Hot water heaters are available, 
for use in solar systems, which contain both the heat exchanger and the 
electric resistance heaters, thus eliminating the need for two tanks. 


I 

CITY WATER SUPPLY HOT WATER 



Solar Hot Water System 
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SECURITY SYSTEMS 
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tntbrior security system 




This system includes detectors at windows, doors, and under carpets as well 

T^7^Tso..l security "Scan." " 

hold power, or can be adapted for operatxon by a 12 volt battery. 

The detectors at the windows are wires woven in the screens, which must be 
cut or removed to gain access through the window. 

,,v,en +-V.P wires are cut or the window screen removed. The detectors and^ 
SrcSnetf aL pressLe-sensitive pads which set off the same alarm. The 
detecto? pads at the three outside doors have J 

the occupant ti'niP to secure the system before the alarm sounds afte?. 
entering the house, when the occupant enters the code 

panel devices, any attempt to break into the house wUl set o££ the 

alarm. 

which will turn the porch light on from a dxstance of about 30 feet. 


Manufacturer of "Scan" 
and Interior Security 
System: 


Sentry Products, Inc. 

2225 Martin Avenue, Suite J 
Santa Clara, California 95050 
Telephone: (408) 727-1866 


Honeywell Detection Systems 
2400 Granby Street 
Norfolk, Virginia 23517 
Telephone: (804) 622-1378 


Installed by: 
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EXTERIOR SECURITY SYSTEM 


The exterior security system uses a seismic detector, similar to those used 
on the moon, to determine density and thickness. The seismic detector is 
planted in the ground and ►•'onnected by cable to an electronic package 
enclosed in a water-L,’.v^..„ ontainer. The range of the seismic sensor is 80 
meters (262 feet) , and the movement of an intruder within that range causes 
a coil to vibrate. The amplitude and duration of the vibration depends on 
the intensity of the footstep impulse. The vibration of the moving coil 
sensor generates a voltage impulse which is amplified and transmitted to a 
remote FM receiver. The receiver emits a single tone burst for each foot- 
step of a slow-walking intruder, while a running intruder will cause a con- 
tinuous tone, with periodic variations indicating each footstep. 

This system was fabricated at NASA's Ames Research Center and is expected to 
be available commercially in the near future, information about this detector 
system may be obtained by requesting NASA Tech Brief 70-10638 and the 
Technical Support Package from the Technology Utilization Office, NASA Ames 
Research Center, Code AU:240~2, Moffett Field, California 94035. 
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EMERGENCY LIGHT SYSTEM 


Th« multimode electronic lighting "Sa tel light" used in the Tech House «ner- 
gency lighting system features the high efficiency and long life of fluo- 
rescent lamps, ar «rall as extremely high light output for extremely low 
energy drain. Ihe technology for this sybvnn was developed at NASA's 
Marshall Space Flight Center for providing light for such space vehicles as 
Skylab. It utilizes lo%e-voltage, high-frequency power generated by self- 
contained, solid-state electronic lamp drives powered by a 12-volt battery, 
and is used during times of povfer failure to provide an even illumination 
that is more than adequate for safety and security. Th- battery, charged by 
a solar cell located on the roof of the garage, powers the system used in 
Tech House. 

According to the conq>any, UDEC lights are sold in systems. A system is com- 
prised of one master battery module and four area or exit lights. The UDEC 
light systems are not (in their present configuration) designed or priced for 
the home market. 

Manufacturer t UDEC Corporation 

223 Crescent Street 
Waltham, Massachusetts 02154 
Telephone: (617) 899-6400 
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SMOKE DETECTION 


The smoke detector used in Tech House is a sensitive detector Which senses 
combustion products before, they are noticeable to occupants and, when 
activated, will sound a horn which will awaken even the soundest sleeper, 
allowing adequate time for escape from the building. There are approxi- 
mately 20 brands of smoke detectors on the market, ranging in price from 
approximately $15 to $85. 

There are two types of smoke detectors commonly used in the home: ioniza- 

tion detectors and photoelectric detectors . Ionization detectors use a 
radioactive source to transform the air inside them into a conductor of 
electric current. A small current passes through this "ionized" air. When 
smoke particles enter the detector, they impede the flow of current. Elec- 
tronic circuitry monitors the current reduction and sets off an alarm when 
the current gets too low. 

Photoelectric detectors have a lamp that directs a light beam into a chamber. 
The chamber contains a light-sensitive photocell, which is normally tucked 
out of the way of the lamp's direct beam. But when smoke enters the chamber, 
the smoke particles scatter the light beam. The photocell now "sees" the 
light and, at a preset point, sets off an alarm. 

Of course, an alarm is only one aspect of a total program of home fire 
safety which should include fire-prevention measures, fire extinguishers 
(for small blazes only) , and the development of alternate escape routes from 
the house in case of fire. Information on all these is available from the 
National Fire Protection Association (470 Atlantic Avenue, Boston, MA 02210), 
or from your local fire department. 



Smoke Detector 
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AUXILIARY POWER SOLAR CELL 


A solar cell is a device for converting light energy into electrical energy 
without moving parts through a phenomenon known as the "photovoltaic effect." 
Effective use of the solar cell began when NASA took it out of the labora- 
to:;y and into limited production by making it the power source for satellites. 
The most efficient and inexpensive solar cells today are made of silicon, 
obtained from slicing round silicon ingots. Size is most important, as the 
power generated is proportionate to the area exposed to light (photon units) . 
While photovoltage is independent of the area, the larger the solar cell, the 
higher the current will be. A single solar cell charges the Tech House bat- 
tery which powers the driveway spotlight and the emergency indoor lighting. 

The cost of the solar cell used in Tech House is $355. 

Manufacturer: Solarex Corporation 

1335 Piccard Drive 
Rockville, Maryland 20850 
Telephone: (301) 948-0202 


PIIPTONS 



Solar Cell 
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TORNADO DETECTOR 


The tornado detector is a light-sensitive device, encapsulated in a suction 
cup, attached to the television picture tube. For the system to function, 
the television must be turned to an unused channel with the screen darkened. 
It is a simple, automatic alarm system that will sound an audible alarm upon 
the appearance of a tornado within 18 miles. The alarm signal will continue 
as long as the tornado is within 18 miles. 

The device displayed at Tech House was built at NASA's Langley Research 
Center. A schematic containing a parts list is provided on page 62 for per- 
sons that are interested in building a tornado detector. A photograph of the 
device is shown on page 63. 

Additional information concerning the tornado detector may be requested from 
the Technology Utilization Office, Code ATOl, NASA Marshall Space Flight 
Center, Marshall Space Flight Center, Alabama 35812, telephone (205) 453- 
2224. 

Note ; This concept for tornado detection may not work for toniadoes with 
insufficient energy transmission. 
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TORNADO DETECTOR 
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Parts (or Equivalent) 

Silicon Controlled Rectifier, 
Motorola, 2N5062 

Photocell, Solar System Inc. , 
Skokie, IL, D1 12439 

Potentiometer, 5K Ohm 

22\iF, Capacitor, Tanelectric or 
Electro 

Single-Pole Double-Throw Switch 

9-Volt Battery 

High-Voltage TV Cup 

Speaker 6-Volt DC, Mallr- Sonaler, 
7542 

Knob, Radio 
Mini Box, 4” x 2" 
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Tornado Detector 



SELF-LOCKING HINGES 


t! 


Self- locking hinges were used to secure the outward-opening exterior doors. 
This hinge was developed at NASA's John F. Kennedy Space Center to provide 
a mechanical locking device for doors and cabinets with exposed hinge pins. 
The hinge has dual tabs and slots that lock the hinge side of the door when 
it is closed to prevent its opening after removal of the hinge pins. Tht 
self-locking hinges used in Tech House were fabricated at Langley Research 
Center . 




Self-Locking Hinge 
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LIGHT BULB SAVER 


The temperature-compensating thermistor, used to protect the Saturn 
booster from current surges during the Apollo project, serves as an elec- 
trical "shock absorber" to shield a light bulb against current surges. 
These thermistor discs, shown below, were installed in two Tech House 
light bulb sockets to increase the life of the light bulb by an expected 
300 percent. 



The thermistor disc is also available as an integral Part of Lamp Socket 
as shown below; 


BEHAHIO IHSaUTED BODT 



The thermistor discs are available from 

Energy Saving Products 
6020 Calle De Felice 
P.O. Box 6694 
San Jose, CA 95150 
Telephone: (408) 267-8548 

Energy Saving Products, Inc. 

3590 Edison Street, Suite 1 
San Mateo, CA 94403 
Telephone: (415) 341-6227 

American Electro-Dynamics Corp. 

1 Penn Plaza, Suite 2830 
New York, NY 10001 
Telephone: (212) 594-1621 


the following companies : 

Blanden Corporation 
2707 Steven Drive 
Johnson City, Tw jlnOl 
Telephone: (615) 928-8422 

Bulb-Miser, Inc. 

14437 South Dixie Highway 
Miami, FL 33176 
Telephone: (305) 251-0485 

ihnerican Guaranteed Lighting, Inc. 
5728 Ward Avenue 
Virginia Beach, VA 23455 
Telephone: (804) 464-9374 
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TEMPER FOAM 


Temper Foam is used in the seat cushion oi* the bench between the fireplace 
and the bookshelves in the living room. It is a flexible urethane foam 
material, developed to pad seats in the Apollo capsule. With the use of 
this material, the astronauts were comfortably able to withstand the forces 
of lift-off and the impact of splashdown. Temper Foam contours to a 
person's shape and distributes the weight evenly over the contact surface. 

It reduces fatigue because it absorbs 90 percent of sudden movement or 
vibration without shock or bounce. It softens wxth increased humidity and 
transpires moisture away from the body for cooler sitting comfort. It is 
ideal for orthopedic application and has been found to be an effective solu- 
tion to preventing bed sores for persons who are bedridden or confined to 
extensive sitting-. 


Manufacturer: Edmont-Wilson 

1300 Walnut Street 
Coshocton, Ohio 43812 
Telephone: (614) 622-4311 
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FLAT CX)NDUCTOR CABLE 


*nie flat conductor cable (FCC) used in the Teen House 1 Iving and dininq room 
baseboard is similar to the cable used in the Apollo Lunar Scientific Exper* 
iment Package tests and represents technology used expensively in aircraft 
and spacecraft electrical systems. Rather than conventional round wiring, 
it resembles three flat wires printed on cardboard and can be installed as 
shown below. Its major attributes are ease of installation and modification, 
and requirements for less conductor metal for the same current carrying 
capacity. 



Baseboard System Installation 

Test installations such as Tech House have brought the FCC system shown on 
page 72 signif icauitly closer to commercial readiness as a method of reducing 
the constantly rising cost of installing electrical systems in new and reno- 
vated buildings. Further, the flat conductors substantially reduce copper 
requirements and installation costs. 

FCC undercarpet systems are not yet commercially available and the hardware 
is not yet listed by Underwriters' Laboratories. The system complies with 
article 328 of the 1978 National Electrical Code. Further inquiries may be 
directed to; 
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Thomas & Betts Company 
36 Butler Street 
Elizabeth, NJ 07207 

The baseboard system has not yet been approved. 

The plastic baseboard covering, receptacles, corner pieces, and end pieces 
used in Tech House were furnished and installed by Marshall Space Plight 
Center, Huntsville, Alabama, while the cable itself was supplied by: 

Parlex Corporation 
145 Milk Street 
Methuen, Massachusetts 01844 
Telephone: (617) 685-4341 


AMP, Inc. 

230 Commerce Drive 
Largo, Florida 33540 


I 
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PREFABRICATED FLOOR AND WALL 


A cast floor is used throughout Tech House, and a cast wall is used between 
the bathrooms and the master bedroom. These were installed to technically 
evaluate this form of construction, not because of any price competitiveness 
in the near future. The floor is a 2-inch, 5000 psi concrete plate, rein- 
forced with welded wire fabric, and insulated with gypsum foam. The floor 
sections fit in a frame of lightweight steel shapes optimized to produce 
maximum performance from a minimum quantity of materials. The foam insula- 
tion in the floor is noncombustible and costs less than Fiberglas insulation 
of equivalent thickness. 

The prefabricated wall is a glass fiber reinforced gypsum and sand-cast wall 
mounted on a steel frame. The resultant wall is impact and fire resistant, 
with a uniform surface. The gypsum foam insulation fills all voids of the 
wall to reduce heat loss and reduce noise transmission. These flc^r and 
wall components are adaptable -t-o conventional trim and finishing materials 
and were designed for intea:. ation with other prefabricated and qo' iventionally 
built components. 

These floor and wall components were procured from the General Electric 
Company, whose Re-entry and Environmental Systems Division has been developing 
advanced materials and industrialized technology for use in the construction 
industry. 

This construction can be competitive in price with conventional construction 
only when prefabricated sections are used throughout the house and several 
houses are erected at the same time. At this time, this type of construction 
has not been considered for isolated structures. It was found that when only 
the floor and a wall are installed in a custom home, as in Tech House, the 
cost of the crane to position the sections and the cost of drilling the floor 
for custom plumbing, heating, etc., resulted in increased costs over conven- 
tional construction by about three times. It is hoped, however, that results 
from analysis by NASA may allow a better understanding of its advantages as 
compared to its present and future price potential. 

Information about these products may be requested from: 

General Electric Company 

Re-Entry and Environmental Systems Division 
Product Information 
3198 Chestnut Street 
Philadelphia, Pennsylvania 
Telephone; (215) 835-2669 
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FLOOR COVERING 


The concrete cast floor is covered throughout the house. The bathroom floors 
are covered with ceramic tile; the entrance and foyer with slate; the bed- 
rooms, hallway, living and dining rooms with carpet; and the kitchen with a 
thick foamed-backed sheet vinyl having a urethane coating which has a natural 
shine requiring minimiam care. 

The thick-foamed backing provides softness, which reduces the tiring that is 
associated with constant walking or standing on concrete floors. This floor 
covering is a GAP Corporation product and is identified as GAP STAR Citation , 
Santana pattern 50006 (Golden Feather) . Additional information can be 
obtained from a local distributor of GAP floor covering materials or from the 
following address: 


GAP Corporation 

Attn; James M. Cloney, Senior Vice Pres. 
1101 15th Street, N.W. 

Washington, DC 20005 
Telephone; (202) 659-9545 
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HOUSING AND URBAN DEVELOPMENT STUDS 


The 2- by 4-inch studs used to frame the interior walls of Tech House were 
reconstituted from sawdust, thereby utilizing scrap or previously discarded 
material and reducing new timber cutting. The 2-inch sides of the recon- 
stituted studs were faced with plywood to facilitate nailing. 



The Technology Utilization House Study Report, NASA CR-144896, may be 
purchased from the following address: 

North Carolina Science and Technology Research Center 
P.O. Box 12235 

Research Triangle Park, NC 27709 
Telephone: (919) 549-0671 

A complete set of drawings and specifications of the Tech House are avail- 
able for $10 per set from the above address. In addition, reports 
generated on the operation of the various systems will be available from 
the above address as they become available. 
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